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ABSTRACT 
Heterotrophic microalgae, capable of converting organic carbons to biofuel, as well as 
assimilating nutrients, have a great prospective in wastewater treatment. Meanwhile, 
the knowledge about heterotrophic microalgae is still far less than the autotrophic one. 
Hence, in this study, 20 heterotrophic microalgal strains were isolated from a 
domestic wastewater treatment plant, and identified based on morphology and partial 
18S and 23S rRNA gene sequences. Further, their biological traits and applicability in 
real wastewater treatment were assessed in terms of N, P, TOC removal efficiency, 
growth parameters, self-sellteability and lipids production.  
 
The results showed that four selected strains (i.e., Botryococcus sp. NJD-1, 
Scenedesmus sp. NJD-2, Scenedesmus sp. NJD-5 and Chlorella sp. NJD-3) performed 
well in untreated domestic wastewater, achieving the maximum biomass yield (g L
-1
) 
of 1.2 ± 0.002, 2.0 ± 0.03, 1.6 ± 0.01 and 0.54 ± 0.03, within the highest lipid content 
(g g
-1
 DCW) of 61.7%, 55.9%, 50.4% and 40.1%, respectively. Among 11 isolates 
tested for the tendency to settle, Chlorella sp. NJD-8 showed the highest settleability 
efficiency of 54.2% after 30 min.  
 
Botryococcus sp. NJD-1 exposed a potential capacity to assimilate a wide range of 
carbon substrates. Comprehensively, three strains were recommended for real 
wastewater treatment, i.e., Botryococcus sp. NJD-1 with up to 64.5% of N-NO3 
removal, Scenedesmus sp. NJD-2 by 96.1% of P-PO4 removal, and Scenedesmus sp. 
NJD-5 with 99.9% of TOC removal.  
 
Keywords: Microalgae; Isolation; Wastewater treatment; Heterotrophic cultivation; 
Biofuel. 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract 
iii 
 
摘要 
微藻，是一种能将有机碳转变为生物燃料并吸收营养物质的一种异养微生物，它
在废水处理中的应用极具前景。然而，现在关于异养微藻的报道还远远少于自养
微藻。因此，在这篇论文中，20株异养微藻从城市污水处理厂中被筛选出来，并
且通过形态以及部分18S 和23S rRNA基因测序进行了鉴定。接下来，这20株微
藻的生物学特性以及在实际污水中的应用通过氮、磷、总碳在污水中的去除效率
以及生长曲线、自沉降性能还有脂质生产进行了考察。 
 
结果表明，4株微藻（例如： Botryococcus sp. NJD-1, Scenedesmus sp. NJD-2, 
Scenedesmus sp. NJD-5 and Chlorella sp. NJD-3）在处理城市污水中有着良好的应
用效果，并且生物质产量达1.2 ± 0.002、2.0 ± 0.03、1.6 ± 0.01以及0.54 ± 0.03 g L-1，
脂质产量也十分可观，分别为77.4%、56.6%、75.5%以及66.3% g g-1 DCW。将其
中11株微藻用于测试稳定沉降性能，其中最好的是Chlorella sp. NJD-8，30分钟
内沉降效率达54.2%。 
 
Botryococcus sp. NJD-1表现出了能利用各种碳源的潜能。总结来说，3株微藻在
处理废水时表现优异，又能获得较高生物量。Botryococcus sp. NJD-1 对N-NO3
去除率为64.5%，Scenedesmus sp. NJD-2 对P-PO4去除率为96.1%，Scenedesmus sp. 
NJD-5 对总碳的去除率为99.9%。 
 
关键词：微藻；筛选；废水处理；异养；生物燃料。 
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BLAST     Basic local alignment search tool 
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TSS     Total suspended solid 
UCMWW     Autoclaved concentrated municipal wastewater 
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Chapter 1 Literature Review 
1.1 Overview of wastewater treatment 
1.1.1 Wastewaters 
Wastewater is defined as any water that has been adversely affected in quality by 
anthropogenic influence. Wastewater can originate from a combination of domestic, 
industrial, commercial or agricultural activities, surface runoff or storm water, and 
from sewer inflow or infiltration [1]. Wastewaters provide not only water medium but 
also most of the necessary nutrients suitable for cultivation of microalgae evidenced 
by high algae growth rate and productivity and nutrient removal efficiency. Therefore, 
coupling wastewater treatment with algae cultivation may offer an economically 
viable and environmentally friendly way for sustainable renewable algae-based 
biofuel and bio-based chemicals production as well as credits for wastewater 
treatment [2]. Municipal wastewater (sewage) is usually conveyed in a combined 
sewer or sanitary sewer, and treated at a wastewater treatment plant. Treated 
wastewater is discharged into receiving water via an effluent pipe. Wastewaters 
generated in areas without access to centralized sewer systems rely on on-site 
wastewater systems. These typically comprise a septic tank, drain field, and optionally 
an on-site treatment unit. The management of wastewater belongs to the overarching 
term sanitation, just like the management of human excreta, solid waste and storm 
water (drainage). Sewage is a type of wastewater that comprises domestic wastewater 
and is therefore contaminated with feces or urine from people's toilets, but the term 
sewage is also used to mean any type of wastewater. Sewerage is the physical 
infrastructure, including pipes, pumps and screens, channels etc. used to convey 
sewage from its origin to the point of eventual treatment or disposal. 
1.1.2 Wastewater treatment 
Wastewater treatment is the process of removing pollutants from wastewater through 
serial physical, chemical and biological processes. Its purpose is to produce an 
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environmentally safe treated effluent and a solid waste suitable for disposing or 
re-using [3]. However, there are numerous processes that can be used to clean up 
wastewaters depending on the type and extent of contamination. Likewise, wastewater 
can be treated in wastewater treatment plants through several ways including physical, 
chemical and biological treatment processes. Municipal wastewater treatment (MWW) 
is treated in sewage treatment plants (which may also be referred to as wastewater 
treatment plants). Also agricultural wastewater may be treated in agricultural 
wastewater treatment processes, whereas industrial wastewater can also be treated in 
industrial wastewater treatment processes.  
To deal with the negative effects of wastewater on the recipient, traditional 
wastewater treatment generally involves three stages [4]. The first stage is the primary 
treatment in which wastewater is held in a motionless basin, where heavy solids and 
colloids can settle to the bottom, while light solids and colloids can float to the top. It 
targets at removing large particles in the sewage by means of grids or sedimentation. 
The settled and floating materials are removed and the remaining liquid is discharged 
to secondary stage. In the secondary wastewater treatment, microorganisms are used 
to remove dissolved and suspended matter in the wastewater in a managed habitat and 
then the microorganisms are separated from the liquid. It aims as reducing the 
biochemical oxygen demand (BOD) in the wastewater by oxidizing organic 
compounds and ammonium. This process is often carried out in aerated tanks called 
activated sludge and it involves both heterotrophic bacteria and protozoa. The bacteria 
degrade the organic material and the protozoa graze the bacteria, and in both cases 
organic material is converted to CO2 and water [4]. Additionally, primary treatment 
removes about 60 percent of suspended solids from wastewater and also involves 
aerating the wastewater, to put oxygen back in whereas secondary treatment removes 
more than 90 percent of suspended solids (https://water.usgs.gov/edu/wuww.html). 
The next treatment process after secondary treatment is the tertiary wastewater 
treatment, in which more advanced techniques such as carbon adsorption; flocculation, 
precipitation, etc. are used to remove the remaining stubborn contaminants in the 
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wastewater to raise the effluent quality before it is discharged to the receiving 
environment [4]. It mainly aims at removing nitrogen (N) and phosphorus (P) 
nutrients. N may be removed by nitrification-denitrification processes, where the 
ammonium is first oxidized to nitrate by nitrifying bacteria in aerobic reactors, and 
thereafter recycled to an oxygen free reactor where it is converted to nitrogen gas (N2) 
by denitrifying bacteria. The first step in the nitrification is oxidation of ammonium to 
nitrite (1.1) and the second step is the oxidation of nitrite to nitrate (1.2):  
NH
4
+ 
+ 
3
⁄
2 
O
2 
→ NO
2
‐ 
+ 2H
+ 
+ H
2
O        (1.1) 
NO
2
‐ 
+ 
1
⁄
2 
O
2 
→ NO
3
‐           (1.2)
 
Nitrification is performed by autotrophic bacteria belonging to the family 
Nitrobacteriaceae. Denitrification, on the other hand, is carried out by a large number 
of heterotrophic bacteria, which all need organic carbon for growth. The 
denitrification reaction also has nitrite as an intermediary step, and is performed 
according to the following reaction:  
NO
3
‐ 
→ NO
2
‐ 
→ NO → N
2
O → N
2        (1.3)
 
Phosphorus in wastewater is most often removed by chemical precipitation with 
aluminium or iron salts to form aluminium or ferric phosphate:  
Me
3+ 
+ PO
4
3‐ 
→ MePO
4           (1.4)
 
The metal (Me) salts are generally added in excess to compete with natural alkalinity, 
mainly according to the following reaction [5]:  
Me
3+ 
+ 3 HCO
3
- 
→ Me(OH)
3 
+ 3 CO
2        (1.5) 
In current decades, microalgae appear to be an ideal key as they can uptake pollutants 
especially nutrients in wastewaters and thereafter reproduce as a feedstock of biofuel, 
food and chemicals. Meanwhile, autotrophic cultivation, so far the most common way 
for algae, is only appropriate when CO2 is available. And the light shading effect 
would restrict the high-density growth of phototrophic algae as well. By such, the cost 
in the heterotrophic cultivation of algae with wastewater can be greatly lessened due 
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